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ABSTRACT 


Inrsetchesıs presents an interpretation of the Theory of 
Bor me and develops a combined statistical model for a 
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grades taken from four postgraduate school students over a 
J4 month period. The accident data, taken from insurance 
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Meee rencias te pesied in scientific theory that lifc 
functions of all living organisms are characterized by some 
Oo cycle nature. Many of the cyclic rhythm theories 
based on observed human performance have been accepted as 
IM wlewethers, lacking strong scicntific and mathematical 
Meo have been treated with some skepticism. 

The most well-known and best documented of observed 
human isochronic phenomena are the circadian or daily rhythms. 
Circadian rhythms vary in length from twenty to twenty-eight 
Hours depending Upon the individual and cnvironmental cir- 
cumstances. Included in these daily or circadian rhythms 
ee Peo wormetlon or resulatory cycles, biochemical cycles, 
E cubBral; woerk-eat-sleecp cycles. Extensive re- 
Hs e area of Circadian rhythms, as reported by 
Soup parmaceutical Co. [1972], concluded that regulatory 
and biochemical cycles are extremely rigid. Lengthy experi- 
zu UE Tth9circadian work-eat-sleep cycles has been con- 
mu eS variety of individuals and institutions including 
HIN anck Institute in Germany [Palmer]. Their research 
ASA Erom CWO Contesting theories. One thcory states 
MENU rTc3aUrPaH patterned work-cat-sleep cycle is a prod- 
Hemmer socto-cultural customs while the other theory suggests 
it resulted from the interaction of the multitude of circadian 
lind repulatory cycles [Luce, 1973]. Scientists 


have been conducting experiments in this arca for the past 
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Yi riy - Lous yearse Ti experimental prerequisite to remove 
artifical and natural indicators of time, such as clocks 
and the rising and setting of the sun, stimulated Dr. 
Nathaniel Kleitman to conduct his original cave studies, in 
Mammouth Cave, Kentucky [Luce, 1972c]. In 1962, further 
studies were conducted by Michel Siffre who spent sixty- 
three days on a subterranean glacier in Scarasson Cavern in 
the French Alps. Finally, in 1966, Dr. John Mills analyzed 
David Lafferty's one-hundred and twenty-seven day isolation 
lm a cave im @heddar, England. The most controlled experi- 
ments were conducted at the Max Planck Institute where 
emy LIve Subyects lived fon three weeks in luxurious 
underground efficiency apartments. 

All research yielded the same results that although man 
can artifically control the length of his work-eat-sleep 
Pvclewrhe- reseulatop s mbriochemical cycles maintain their 
ritualistic twenty-four hour schedules. Research has also 
indicated that the regulatory and biochemical circadian rhythms 
nd lmence physiologseal responses to environmental stimuli. 
Por cxmmple, the body reacts differently to such foreign 
ents as noise, antibiotics, hypnotics, anaesthetics, and 
liquor at different times of the day [Squibb, 1972]. It has 
often been suggested that circadian rhythms are a partial 
explanation for the commonly observed circadian post-surgical 
death cycles and spontaneous birth cycles. Since circadian 
rhythms are constantly observed, the fact that they do exist 


is generally accepted, but, in some cases, why they exist can 
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only be hypothesized since the precise roles of many body 
Summen: remain a mystery to the medical community. 

Cycle analysis has not been limited to the study of 
circadian rhythms. Recently behavioral scientists have be- 
come involved in the analysis and interpretation of patterns 
of overt human performance. A considerable amount of work 
has been conducted by physiologists and psychologists in 
the area of cyclic phenomena of human behavior. Development 
and application of several emotional measurement devices has 
led to various mood cycle discoveries. Tedious experimen- 
tation and research by Dr. Max Luscher of Germany led to the 
original development of the Luscher Color Test in 1947 which 
has since been extensively refined. Its validity is based 
upon several different statistical analyses [Scott, 1971]. 
Adaptability, ease of application, and lack of rigidity has 
made it an ideal and instrumental tool of many behavioral 
scientists, from psychologists to criminologists. Although 
investigation and clinical observations by Drs. Halberg and 
Pam sky revealed a wide spectrum of mood cycles, they re- 
ported the most statistically significant periodicity was 
seven days [Luce, 1972b, Brinker, 1973]. Further mood cycle 
Studyewacmconducted by J. A. Dorland (Brinker, 1973]. Using 
Kisi j loo Rating Scale, a categorical, subjective, 
emotional, measurement device, Dorland also noted the pres- 
ence of a strong seven day mood cycle. Additional investiga- 
Morona eycles has led to various other mood scales 


such as Hersey's Rating Scale for Emotions [Brinker, 197 20% 
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Additional research in the areas of emotional distur- 
mmees led to more Dizarre theories. Statistical studies, 
conducted by Dr. Arnold Lieber of the University of Miami's 
Psychiatry Department, based on 1800 murders in Dade County, 
Florida, show a cyclic murder rate coincidental with the 
rise of the full moon [Hackler, 1969]. Doctors from the 
Douglas Hospital in Montreal, Canada have discovered cor- 
relation between cycles of intense hostility and violence 
among mental patients and geomagnetic disturbances caused 
by sunspots. Many physicians such as Dr. M. Arborlieus of 
Halmstead, Sweden, believed that the awareness, proper in- 
terpretation, and application of physiological and psycho- 
logical behavior patterns can be of significant importance 
IuWNMecurately diagnosing certain Wiseases such as Ulcers, 
Sameer, and psychosomatic™iliness [Luce, 1972a]. 

One of the older cyclical theories, based on observation 
of human behavior, is the theory of biorhythms developed in 
the late 19th century by Dr. Herman Swoboda of Switzerland 
and Dr. Wilhelm Fliess of Germany [Thommen, 1973]. Based 
escarcha psychology and periodicity, the theory states 
ee maneıs characterized by three inherent cycles called 
biological rhythms or biorhythms. The three cycles, which 
include a 23-day physical biorhythm, a 28-day emotional 
peerhythim, and a 33-day intellectual biorhythm, are indica- 
tive of the potential performance capacity of an individual. 
It is hypothesized that all three biorhythms begin at birth 


Endeterminate with death. Swoboda and Fliess' cyclic 


INS 


- E 
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mpotheses" were based on pure observation.  Since*the 
original work of Swoboda and Fliess, various people have 
explored biorhythms resulting in a variety of conclusions 
and interpretations. 

Wallenstein and Roberts [1973] tested brorhythmevalidity 
amens the utcome "re themiler2 UCLASUSC football gaffe along 
with selected historical events including Custer's prognosis 
at Little Big Horn and Babe Ruth's sixty homerun season. 
Thommen [1973] attacked validity in a similar fashion by 
analyzing specific historical events biorhythmically fol- 
lowed by.a subjective interpretation of the results. Willis 
[1972] analyzed data which included hospital records, single 
Car accident fatalities and athletic events. He also dis- 
cussed several cases of current application including the 
EM success of the Ohmi Railway Company of Japan in 
dicus 250005000 accident free kilometers since the ams 
plementation of biorhythms in driver management. Although 
the chosen specific examples have corresponded favorably to 
[roro Anic prediction: this type or analysis does not com- 
stitute a proper mathematical validation of the theory. 
Closer scrutiny of Ohmi's accomplishments may not be so sur- 
pus si an analyst properly applied stochastic protesses. 
Avtime OY Spatial poisson counting process, which counts 
events through time in a poisson fashion, could have been 
applied to predict the probability of achieving 2,000,000 
accident free kilometers. Using an estimated accident rate 


based on past performances it may be entirely possible that 
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ems could have occurred wich relatively high probability, 
Prior to the use™ot bDiesmgaemıs,. Tew iollowing brief mathe- 
matical formulation illustrates the application of a sto- 
eeasele process to ple invesergation ot the Ohmi situation. 
To be complete it requires the appropriate data, from the 
Nagahama Service Center, needed to estimate the accident 


rate. However, 


Bneaccrdentoscoctür Ini the interval (sst) = 


"uu oc 
In i 


PUN Cs +t) NES) n) = P(N(t) = n) = 


Il 
S 


Por the Ohmi situation: n 


ie 212033 years 


== 


À = accidents/given time period 


MS ea 08s) 
+ o ° Ä 


(1.083) = 0) 

Details of calculations, theoretical assumptions, and 
tie assoctated postulates are contained in "Introduction to 
Propapipeity- Models" pymkoss=”rr973]. 

The absence of a methodological approach, justification 
for chosing data categories and acceptable mathematical tests 
resultine in statistically significant quantifiable results, 


has led to incomplete results and subjectively interpreted 


conclusions. 
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Ti STATEMENT OF PROBLEM 


The primary objective of the thesis was to establish 
MMe Dassis for a statistical validation of the Theory of 
Biorhythms. It can be assumed that the general lack of 
acceptance and understanding of the theory is the cause of 
the difficulty to:locate literature on the subject. The 
era ue cala ble is scarce and the subject matter is 
treated subjectively; consequently, a Statistical analysis, 
in depth, would require careful interpretation of the theory. 
The theory has not been explicitly stated in detail in any 
of the literature while conflicting assumptions supporting 
each version of the theory depend upon the author. One 
problem area has been determining what a biorhythm actually 
measures. Willis’ [1972] interpretation suggests that bio- 
rhythms are indicators of an individual's relative degree of 
potential performance capacity for a given time frame. Other 
Dotential problem areas include the interpretation of dif- 
ferent biorhythm interactions when analyzing observed phe- 
nomena and proper classification of events as either physical, 
emotional, or intellectual. For example, Thommen (1973] 
ea es agility as an intellectual event while Willis im- 
BER nne ns a physical event. Improper classification 
Nan erroneous conclusions. It is often the case that 
WéÒok.ral'interactions contribute heavily to outcomes of 
nud contests, consequently, athletic contests can net 


E uvzed strictly as a physical event. Most of the 
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mecerature available consists of short interpretations of 
biorhythms and attempts to draw conclusions about the theory 
based upon subjective correlations between biorhythmic pre- 
dictions and special cases of actual observed phenomena. 

The lack of a strong statistical foundation is one major 
moling block to Universal accepeance of the Ihcory of 
ENonhyvthms. Statistical) validation of the theory could pos- 
sibly lead to revolutionary achievements in education, 


athletic strategies, and industrial safety. 
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MIS Ne KER ONC Or hie PHEORY OP TBIOIIIYTHMS 


Human behavior is characterized by three inherent cycles 
called biological rhythms (biorhythms) which include a 23- 
day physical biorhythm, 28-day emotional biorhythm, and a 
33-day intellectual biorhythm. Each biorhythm represents 
em indivıdual!s relative degree of potentjal performance 
eipaeıty. . It neithesepredicts what will happen in the 
future nor what happens in the present. Rather, biorhythms 
are indicators of the individual's physical, emotional, and 
miellectual performance capacity. In theory, it measures 
whether the potential capacity is greater than or less than 
some neutral standard on particular days within the cycle. 
That is, biorhythms measure the day to day variation in 
performance potential. The neutral standard represents the 
individual's neutral or average e N and 
«-Wdikfcrent for different individuals. A realization of 
performance potential occurs when a subject encounters a 
challenging situation. A challenge allows him to identify 
his full potential. Average days are days on which the in- 
dividual does not encounter challenging situations which 
require a display of emotional, intellectual, and/or physical 
parential. For this reason, the individual should be aware 
dehen erent Catalysts that may trigger potential re- 
actions capable of being measures by a biorhythm. 

Figure 1 is a graphical interpretation of The Theory of 


Biorhythns. 
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Phyo mal Biorhythm 





Emotional Biorhythm 


Ti 


Intellect tuad ea toriyenm 





Cattrall Days = A day cin wisen the individual's potential 

C ipicily 1S Considered unstable. -On critical days, eis 
hypothesized that individuals can cither have an extraor- 
dinary increase in performance or an extraordinary decrease 
in performance. 


Good Performance Days = Days on which there is a greater 
Posemceıal Tor above average performance. These days occur 
mara” the first 5 cycle. 


LowEP"crformance Days - Days on which there is a greater 
potential for below average performance. These days occur 
pun the second 5 cycle. 


Average Performance Day = A day on which the individual has 


not encountered a challenging situation. Average days 
spoccur anywhere within the cycle. 


muc i  RBraphrsca] Illustration of.Biorhythms, 
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Thommen [1973] suggests the following subcategories are 


momtained in each cycle. 


Physical Cycle | Emotional Cycle Intellectual Cycle 
physical strength sensibility o intelligence 
endurance nerves memory 
energy feelings mental alertness 
resistance intuition logic 
Gontidence cheerfulness reasoning power 

moodiness reaction 

creative ability agility 

ambition 


ER Subcategories of Each Biorhythmic Cycle. 
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IV. SELECTION OF THE STATISTICAL MODER 


Although a variety of the statistical techniques avail- 
able can be used to investigate biorhythm theory, model se- 
Meccion is -dictated by characteristics. ot tuesdata, as mell 


as the appropriateness and quality of the model. 


A. CHARACTERISTICS OF THE DATA 

Three approaches are available. The first approach 
consists of collecting data resulting from a phenomena which 
is predictable from biorhythm theory and then selecting a 
statistical technique whose assumptions are satisfied by 
the data and whose results most appropriately E eects the 
validity of the theory of biorhythms. In using this approach 
it should be obvious that the choice of the technique is in- 
fluenced by the characteristics of the data, which must con- 
form to the assumptions of the statistical model. For 
example, the most common assumption of parametric tests is 
homogeneity of sampling units. Although it may be possible 
to restore homogeneity through transgeneration, the use of 
non-homogenous data in a parametric test leads to invalid 
results. Consequently, the absence of proper data, which 
circeo the use of a less appropriate statistical test, 
may result in inconclusive evidence supporting the theory. 

Mé. second approach consists of selecting the most ap- 
parate statistical tests which best illustrate, the validity 
of the biorhythm theory, then collect data conforming to the 


assumptions of that test. 
21 





A third approach was considered out of necessity. Data 
was often difficult to obtain which both illustrated par- 
tıcular aspects of the theory and conformed to the assump- 
tions of the chosen statistical model. Consequently, it 
was necessary to transgenerate raw data into categorical 


variables and then proceed with a non-parametric test. 


B. APPROPRIATENESS OF STATISTICAL MODEL 

Appropriateness of the statistical test is determined 
by the objective of the thesis. Various parametric and 
non-parametric tests were considered. The robust t-test 
analysis of the variance, and their non-parametric counter- 
parts would have been inappropriate since they allowed anal- 
ysis of only specific segments of the cycle. Consequently, 
even if the results were favorable, the evidence would be 
inconclusive. For example, depending upon homogeneity 
qualities of the data, analysis of the variance could have 
been used to compare the statistical differences between 
Mori pimically predictable critical days and the actually 
observed critical days. However, this technique would not 
allow a simultaneous investigation of the statistical sıg- 
nuaddjcawmeemof themoccurrence of other categorical events be- 
tween the biorhythmic critical days. The results of the 
statistical models must completely support the objective 
Na esas. Therefore, tests which, otfer only a partial 
analysis were considered inappropriate. 

An appropriate statistical model for testing the validity 


cms should test the existence of a relationship or 
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dependency between observed good performance days and bio- 
rhythmically predictable good performance days and observed 
poor performance days and biorhythmically predictable poor 
performance days. Figure 2 illustrates this relationship. 
It is intuitively appealling that a relationship exists 
since most of the good performance days occur during the 
first % cycle and most poor performance days.occur during 
the second % cycle. An appropriate statistical model should 
be able to determine the presence of a relationship or de- 
pendency between theoretically predictable days and observed 
days as illustrated. If the occurrence of good days and 
poor days are equally likely to occur anywhere within the 
entire cycle then the distribution of these days should be 
unitomm,  Fisure 3 illustrates this. A second statistical 
teste ould illustrate uniformity or non uniformity: If the 
distribution issnot unitorm,;, his testushould begable të 
identify the distributional form. Consequently, another 
statistical model should be used to illustrate uniformity 


orano uniformity. 


CSR VALITY OF STATISTICAL MODEL 

When alternative statistical models are equally appro- 
priate, the technique with greater quality is chosen. Al- 
though there may be various ways to determine the quality 
of a model, the most objective measure of quality is power- 
efficiency. Suppose two tests, A and B are cqually appro- 
pute If test A requires Na samples to have the same power 


as test B has with NL samples then test B has 
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kmequency 


A 


GATTA 
Bla N 
CLIL 
A 
/ | d. š 


A = Theoretical envelope of biorhythmically predictable good 
days; 


= Hypothetical distribution of observed good days; 


= Theoretical envelope of biorhythmically predictable poor 
days; 


Dre Hypothetical distribution of observed poor days. 
Pesuresz. Theoretical Biorhythm Superimposed Upon Hypothetical 


DeSsteibutron ol Observed Good and Poor Performance 
Days. 


CN 


N 
POWER-EFFICIENCY = (100) t3 
b 


where power is defined as the probability OT Met IE 

mada]: hypothesis when it is false [Siegel, 1956]. 
Gomsucdering the Characteristics of the data available, 

mideappropriateness and quality of the statistical models, 


the Chi-Square Contingency Test for independence of criterja 
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Frequency 


° 
` 
ll Ge of > 


D 
n 


Unmiformtdistribution of observed good days, 


CO 
ll 


Uniform distribution of observed poor days. 


Figure 3. Hypothetical Sample from a Uniform Distribution 
Gf Good and Poor Performance Days. 

ansehe Somare Goodness ol-Fit lcst for distributional 
form were chosen as primary statistical techniques. Secon- 
dary techniques are available to give supporting evidence. 
When sample size is so small that the Chi-Square Contingency 
Test's expected value criterion does not hold, the Fischer 
Dessestor exact probab,lity (vithout Tocher's modification) 
should be used. When the Chi-Square Goodness-of-lit-Test's 
expected value ere ENCIMA does not hold and category combina- 
tion reduces the degrees of freedom to an undesirable level 
the Kolmorgorov-Smirnov Test for diga ii form should 


be used. 
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These statistical techniques indicate the presence or 
Pack oF presence of a relationship and define the distribu- 
tional form. They do not attempt to explain why the rela- 
tionship is or is not present.  Elaborate linear and 
curvilinear regression techniques are available for the de- 
velopment of quantitative explanatory models. 

In addition to analyzing the data with respect to de- 
pendency and distributional form, it would also be desirable 
to measure the degree of correlation between the theoretical 
biorhythm and the actual observations. This can be most 
easily accomplished by wtilizime he Ghi-Square Contingency 


Coefficient. 


De ech =SOUARE CONTINGENCY TEST 
ie Theory 

A two-way Chi-Square Contingency Test was used to 
illustrate the dependency between the day of occurrence of 
pusEobserwedceventoand tne sequential day of the cycle. 
Biorhythm theory states that an individual's capacity to 
perform is dene upon the seguential day of the cycle. 
spec#Hficakly, there is a greater capacity for an individual 
to cseel durame the first ha®f cycle and a reduction in 
Capat y Curing tre Past PTE of the*cycle. Therefore, the 
Chi-Square Contingency Test was used to investigate the de- 
pendency between the day of occurrence of observed human 
Performance and the sequential day of the cycle. 


Ls arranged in the following tabléau: 
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criteria l 


ee oes cw aS 
1 P 
> 1% 
3 
CriCeria d 
2 5 > 
1) 
X 
D rc | P... 
P P 
“q C 


b. Given a sample of n observations. 
co Eden Obscervaicion can De classified accordınerto 
two different criteria. One criteria has c levels with 


HEEL cons che other criteria hasir levels with r > 2. 


d: E r 
2, D Xi; = n, 
j=l iz. 7 

e C T 


D 
E 
"g 
il 
pa 


g. Let Xi 3 be the number of observations which fall 
Into Class i- Criteria one andimllass J Criteria two. 
SE Zr be the probability that an observation 


asco class 1 Criteria once ana class J) criteria two, 


js i Yad EC 
Be = = where Xi. = 2 T 
pa ^ 

e. N e E 
P - —L where x .= E X.. 
Z n 2:3 eJ 
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k. H_ : Zr = (PIO forall 1 andj 


Hy? Pas # (Py) (P,). 


le Mee HE is true: 


2 


E r (x; ; - EPI T CRECEN 


y e; 
je nP. P, 
1 ° 2] 


jn, "quem t Ho m 
V > ae E) 
2. Procedure for the Application to the Theory of 
Biorhythms 


a Data tableau 


Criteria I 





Observed Observed 
Good Days Bad Days 
¡st y, 
Cycle 
Criteria 
y 
„nd T 
Cycle 
j ` ^ cycle: represents biorhythmically predictable 
good performance days 
pe Luce represents biorhythnically predictable 
poor performance days. 
BE Zr Iupmesenbssrheonumber Of observations which 
Mo cd beth Criteria levels i and j. For example, 
X44 represents the-number of observed good performance days 
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on which the individual's performance was above average, 
Wii ch 'occurredtiqurinp thersecond half of the cycle. 


Figure 4 is a graphical illustration of x x 


leer 22 


x and x 


Zu 


e 2. and = represent the maximum likelihood esti- 


ZA? 


1 ° 


mator for the probability that an observation is character- 


Nd sence reopoetave Criteria level. For example, DE 


represents the probability that a good or bad day occurs 


mung the Ist half of the cycle. 





d. , > 
X > 1 > 1 
p z 1 ° Da 3=1 J p x: 1=] J 
i* n 2 2 23 2 2 
» > » a x 
j=1 i=1 2 je dell + 
S STE Sin en 
1 Xis" X12 * X21 * X22 °l X44 *.*92 I X21 T X22 
M us 2 S a ea 
2 SENS, OK MA 7 ” 22 
e. For best results 
BEST mb. D > 5 
I qus 2] = 
E IEECH- us true 
2 
Z Amn P PN P 
NE AE e (1-1) CES a) 
j=1 i=1 nP. P 


comici Ho je: 


V > e Ie C 


29 





Theoretical Biorhythm superimposed upon hypothetical dis- 
tributions of observed good performance and poor perform- 


ance days. 





. 
— — «è mm ee qe s a n dr A 


X41 - total number of observed good 
during the lst % cycle. They 


Xi? = total number of observed poor 
duysng the Ist 4 cycle. They 


X>1 = total number of observed good 
during the 2nd = cycle. They 


X59 = total number of observed poor 
Cut mtees nt smeycle, They 


—  ——— — na 


2nd 5 cycle 


— = — — — — — = — — 


performance days occurring 
appear in quadrant II. 


performance days occurring 
appear in quadrant III. 


performance days occurring 
appear in quadrant I. 


performance days occurring 
appear in quadrant IV. 


MURO ES ton tot statistical Data Within a Biorhythm. 


E. CHI-SQUARE COEFFICIENT OF CONTINGENCY 


cn ico ig che nta is especially useful in that 


Peemeasines the degrees om strength of the relationship which 


was detected using the Chi-Square Contingency Test for de- 


pendenee of criteria, It is calculated as follows. 
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È 


Coefriclient of Contingency. 


xe 


Test statistic value (V) calculated from 
the Chi-Square Contingency Test (previously discussed). 


N = Total number of observations. 


rea CHISSQUARESGOGBNESSCOP-PITeBBSOT 

It i pe occuyrercesof ai cateporacalevent was egwually 
Fil j i ioroccurea Where within the cycle then the distribu- 
Mono these events osi be üniform:  Conseguently, valida- 
Bron of che theory EGE illustrating 
that the occurrence of categorical events is not uniformiy 
distributed. Investigating distributional form is most 
Eooubyewaccolplished by utilizing the Chi Square Goodness- of- 
Pit lest. 


goin egkcdata is organized in the following tableau. 


interval Frequency fe i 





k eV 


IA o e sents the sample size. 


| Ë “< x < h Y 





A ba represents an interval of tine. 


Ie presents the frequency of occurrence of the 


ih 
ebscervedsnhenomena within the ¡th interval. 
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Sus P.: represents the probability that an observed 
event will occur, under the null hypothesis, during the 
associated interval. 

6. nP. : represents the expected number of observations 


ve interval if the distribution of the frequency 


within the i 
of occurrence of the phenomena conformed to the null 
hypothesis. 
7. For most significant results nP; EM 
8. Ho : Hypothesized distributional form 
Hy : The distribution is other than as hypothesized. 
Ií Ho is trues 
I O nP.)* 
uL —— = y? (k-r-1) (479). 


171 1 


k-r-1 = degrees of freedom for the test statistic 
k = number of intervals 


y = number of estimators used in the hypothe- 
sized distribution. 


ME ect rs Jo: 


vo x? (k-r-1) (179). 
Enan application to biorhythms, the initial test rs 


for the presence of a uniform distribution. 








H. : the distribution is uniform. 
H4 [ peheedustriputron iS other than uniform 
ei. h = 
S h = 
etc. 


Acceptance of the Contingency Test's null hypothesis 
indicates that the day of occurrence of observed events is 
independent of the sequential day of the cycle. In other 
words,.there is no relation between the days of occurrence 
of biorhythmically predictable events and the days of occur- 
rence of the observed events. This is an indication that 
the distribution of the occurrence of sampled events should 
be uniform. It is considered conclusive evidence (statis- 
pcd y iat ' chelfiheory of Biorhytnms is invalid, if for 
the same data, Ho for the Chi-Square Contingency Test and 
the Chi-Square Goodness-of-Fit Test is accepted. Rejection 
of both null hypotheses suggests validity of the theory. 
Further investigation of the distributional form would be 
desired. The presence of a known distributional form such 


as a normal or poisson would be a useful predictive device. 


SES TIMATFTON OF PARAMETERS 
Investigating the presence of more complex distributional 
torns usúally results in estimating parameters of the hypothe- 
sized distribution. Consequently, estimators with good 
properties are important. The method of moments and the 
method of maximum likelihood techniques were considered. 
1. Methods of Moments 
a. Given a population random variable X is dependent 
upon k unknown parameters 015 85, DL 
b. In general the first k population moments will 


depend upon these parameters (i.e., E(X) - g(6,,0,,-..,0,)). 
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ge Equate thestirst k sample moments Mi,M5,...,M,, 


to the first k population moments 
k 


Mi = 


SH 
lms 


(X. ) 
iei ^ 

d. Solve for the desired parameter. 
2. Method of Maximum Likelihood 


a. Develop a likelihood function 


ID M d EM CE 
i=] 


1 


(eee sc 


n 
¡24 €: (3) is just another way of writing a 


DES TINE E 
s] Soini distribution function, the value of f(x) is 
actually a probability. 

Ce ino Eyer: Kon clove I LT iroechuiniqueTisrto"trimipipe 
mellue rot the unknown parameters within the joint density 


which will maximize it. This value maximizes the probability 


of occurrence. The procedure is as follows: 


L (8) 


* 


Dee) 
i Pr: 


K(9) = In(L(8)) 


d(K(0)) . d(In(L(0))) . à 
ee S 


solve for 8 and label it 6. 


In most cases the method of moments and the .:"thod 
Ot) Maximum likelihood yield the same results. However, in 
those cases for which the parameter estimators are different, 


the properties of the estimators should determine which 
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estimator will be used. In many cases it is desirable to 
have unbiased, consistent, estimators with the least vari- 
ance and mean square error (MSE). 
sas las 
is an unbiased estimator for @ iff E(@) = 0. The 
bias in 1S given by ba - E(€ ) - 8. 
4.  Consistency 


is a consistent estimator for 9 


iff limit E(O) = 0 
n + © 
limit V(G ) = 0. 
n + © 
5. Cramer Rao Lower Bounds 
sl A c Hue FUE 
am , 
nE[ (z$ log f. (x))2] 
e O A 


9 
nE[ (sS log £,(x))?] 
Table IT summarizes the combined statistical model 


Suggestea for testame the presence of a biorhythm. 


regs CRITICALITY 

Critical days are defined to be days on which an indi- 
vidual's potential capacity for performance is unstable. If 
aeyn daal encounters a challenging situation on a bio- 
Digemlcatlly critical day then 3t is possible that he will 
EU UcMcXtIEmcenesmadtave potential or extreme positive 


non loro example, it has been suggested that heart 





Statistical Model 


1. x° Contingency Test 


(Use Fischer Test 
for small samples) 


Pen Gacisucdent of 


“Sontingency 


3. x? Goodness-of-Fit Test 
(Use Kolmogornov- 


Smirnov Test for 
small samples) 


Note: 


Application 


Tests for the presence of a 
relationship between the 
different levels of perform- 
ance and the days on which 
cChe,soceugsred, 


Tests the strength of the 
»»eratzounshep=detected in 
step #1. 


Tot Application: 


Test for uniformity (test 
tor the presence oO I 
phenomena). 


2nd Application: 


Test for hypothesized dis- 
tributional form. This 
allows the analyst to in- 
vestigate the following: 


a) Form of cyclic phenomena 
Emo dd cato 

C) Frequency 
deals 


St Sino. Depp led acne above order, 

Detailed diseussionmand application procedures for the 
Fischer Exact probability Test and the Kolmogornov-Smirnov 
tor dis erbut onal form can be found in Siegel [1956]. 


Table II. Combined Statistical Model for Testing the Presence 


of a Biorhythm. 
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attack victims encountered their attacks on critical days. 
It is obvious that a heart attack can be classified as a 
critical event. However, did a statistically: significant 
number of heart attack victims experience their heart at- 
tacks on»biorhythmic critical days? Thus, criticality be- 
comes an important factor when investigating NS RUE 
For this reason, probabilistic arguments have been formu- 
lated for use in the following statistical model presented 
for investigating the significance of an event occurring on 
a critical day. 


J. Definitions 


Il 


Single Criticality day on which only one biorhythm 


Eros sais the» time axis. 


! 


Double Criticality days on which any two biorhythms 
intersect while crossing the time axis. 

Triple Criticality = day on which all three biorhythms 
intersect while crossing the time axis. 

P(PCD) = probability that a physical critical day 
Occurs by chance. 

P(ECD) = probability that an emotional critical day 
occurs by chance. 

P(ICD) = probability that an intellectual critical 
dav occurs by chance. 

P(PCDxmeD) - probability that a double critical day 


occurs by chance where the intersecting biorhythms are physi- 


cal and emotional. 
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Pe-ODxXIChJ=—=promm@prlity that ag@ouble cirmtieal day 
occurs by chance where the intersecting biorhythms are physi- 
cal amd Imtellectual. 

P(ECDxICD) = probability that a double critical day 
occurs by chance where the intersecting biorhythms are emo- 
eronatzandsımeeklecetual. 

P(PCDxECDxICD) = probability that a.triple critical 
day “oceurs by “elanee - 

It is possible that there are differing degrees of 
doubtemertticalatves. For example, it may be that a physi- 
cal x emotional double critical day possesses a higher 
degree of criticality than does a physical x inteMectual 
double critical day. 

2. wüccunn&mnce oou rautical usps 
The following table illustrates the frequency of 


occurrence, in u days ot allitypes of critical days. 


eriticality Biorhythm Frequency (days) 
Single Bhysı cam "GP ) TRE SU) 
Single Emotional (E) 14.00 
Simple intellectual (1) Ros 
Double PUE 161.00 
Double P xa 189.. 75 
Double EN I | 2. 0O 
pe P x ES 26506950 
Maite abr #*Freauency of Occurrence of Criticalties. 


The freauency (days) is based upon the respective 
CYelcmtcneth,  Fommesanple, avsamele criticality for a physi- 
eslemsorchvtimsocenrswevery 11% days: Since the physical 
biorhythm is hypothesized to be a 23-day sinusoid, it crosses 
Be every 115 days (i.e., 23/2 = 11%). 
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If sthe„eventszare equally likely (uniform) to occur 
at any point in time, then the following probabilities mea- 
sure the likelihood that the observed event will occur on 
the given biorhythmic critical day. Calculation was based 
ons the freqieney so. occurremee ofM@eritical@days amd con- 


mcoideration was given to the uncertainity of birth data. 


Omir + 6 Hr EE MEN 
Chance Probability Variance Variance Variance 
P (RCD) .0869 .1504 «1759 
PUED) -O SEPA „1428 
P(ICD) .0606 .0909 4;1212 
P( PCD x" rep) 0002 .0093 2004 
PE ECD x LCD) 20,055 .0078 SOMOS 
Bis CHI XECH) SOULS . 0065 .0086 
HERED x ECD x ICD) 30.0057 0005 OO 


llo IV. Chance Probability oN Occurrence of Criticalities. 

electron of statistical Medel for Critveality 

Biorhythm data is naturally dichotomous into those 

days on which critical events occurred and those days on 
tbweh critical events did not occur. Since an import amit 
mer clan to be answered in validating the concept of criti- 
cality would be; "Are the number of observed critical days 
Seas tica lily significantly greater than the-number that 
lol Oee peee d f critical event days werento haveloss 
curred by pure chance?"; the binomial model was chosen. 

4. Binomial Model 


Assume X~Binomial (n,p) 


H : Jo J utemrrecal day occurs by chance) 


H}: Pe a e a May occurs by chance) 


Bp Oael ol significance 
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*Select appropriate probability from chance prcb- 
oq itys table. 

Suppose that x observations out of n possible ob- 
servatlons are classified as critical events. 

Detine PS x) ="probeabulity that at most x criti- 


cal events could have occurred by chance. 


n ra - 


PX sx)» r (D Pap 
0 


1 
Decision: If P < a reject Ho J TILL q VO r vou H;. 
The dee1sion to reject H. says that the number of 
ciitical events which have occurred is significant. 
For n > 25 it is suggested that a normal approxima- 


tion to the above probability be used. 


pu E 
vnP (1-P) 


Additional intormat lone 


E (X) expected number of critical events under 

V(X) = varioce Of critical events under A, = nr ep). 

The Binomial Model is primarily used when investigat- 
ime the signiticance ot single criticalities, The Multinomial 
Model should be used when investigating the statistical sig- 
nificance of data which contains single, double, and/or triple 
eriticalities. 

5. Multinomial Model 
Suppose that N observed events are partitioned into S 


mupusllyowxclusive events Kushan with respective 
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Probabırl Pentes of occurremce mr P: such that A, + 


1 
A, + OPS A. - N and P1 + P3 FI + B. = ssh P(A, 
occurs k4 times; A, occurs k. times; ...; A. occurs k_ 


times) is equal to 


N i 
pky pk2 pkzs |_| pks 


DEO Wu 
Ie s 


I. BIORHYTHM ALGORITHM 
1. Note the date (month-day-year) of the observed event. 
2. Calculate th&wsubgject's age"rn*days, from the sab- 
pect s birthdate" up to and including the dateserzcherob- 
served event. The calculation must include regular leap 


year and centurial leap year considerations. 


Sw Let 
A = subject's age in days, 
CL = cycle length = 23 days for physical cycle 


28 days for emotional cycle 
S55 days for intellectual cycle 


CC = whole number of completed cycles 
(whole number associated with A/CL) 


SD = the day of the current biorhythm cycle on which 
the observed event occurred. 


A 


SD ( CL 


EN E 


J. DATA COLLECTION 

Emcigsticalmvibrdatron of the theory necessitates per- 
forming two complete statistical analyses. The first analysis 
should use empirical data collected in a laboratory environ- 


ment, for each subcategory. Experimental design should screen 
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out as much exterior influences and as much interaction as 
Mossiule, trom the sub@aevegoricabedata being collected. 
The second analysis should utilize actual field data. It 
is here that cycle interaction will have to be assessed. 
For example, if the analyst chooses to gather bowling data 
for physical field data, he should be aware that there 
Es Es some degree ot emotional and intellectual interac- 
tion. If the analyst chooses to analyze academic test 
scores, he should be aware of which tests challenged the 
Subject's intellect, and that the importance of the test and 
the length of the test (i.e., time) will cause emotional 
and physical interaction respectively. 

Since human behavior is extremely complex, there are a 
multitude of influencing factors. Therefore, it shouid be 
understood that biorhythms are not 'cure-alls'. A biorhythm 
is hypothesized to be merely one very small indicator of 
the variation of performance potential. The many influenc- 
ing factors can easily contaminate biorhythmic analysis. 
Consequently, it is not expected that field data will yield 


as strong a statistical significance as experimental data. 
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V. ANALYSIS OF DATA 


A. ANALYSIS OF INTELLECTUAL DATA 

Four graduate students at the Naval Postgraduate Schoo! 
were chosen as subjects for investigation of intellectual 
biorhythms. Academic grades from 15 courses measured over 
a 14 month period provided 115 data points for analysis. 
Each student, pursuing Ae Master s Degree in Operations 
Research, was evaluated with respect to the same courses. 
To eliminate a degree of subjectivity, only mathematically 
oriented courses were used. It was believed that grades 
were arrived at more objectively and that the subject's 
identification of his own neutral, average performance 
would be more accurate. Identification of this average per- 
formance is considered critical since it allows the analyst 
to categorize those performances which were above and those 
performances which were below average. Table V summarizes 
the data base. 

The data was next arranged in the Intellectual Data 
Tableau which is shown as Table VI. | 

io) Oi or be Presence 0l an Intellectual Biorhythm 

mee x Contingency Test 
H : Observed good performance days and observed 
DOmmEDerrormance days are independent of where they occur 
wn th intellectual biorhythm. 
Hj: Observed good performance days and observed 

poor performance days are dependent of where they occur within 


the intellectual biorhythn. 
43 





'eseg ?jeq uu3ÁKuziorg TenyDsTTayuJ “A >OTgeL 


- 0€ 001/9S cC uns 
d 9I 001/84 CL ABW 62 
0 ST 001/65 QUU NOT (IJNOD3 
++ ZT 001/€6 SL EN OZ 
+ S0 001/001 SL IBN €T 
- - 0€ DOT oZ SL JON SO Cie 
r 60 001/88 cL q9d ZI 
0 TS 00T/r8 KL qed TO 
n TZ 001/56 Si UD 22 
Di ZT 00L/T6 c; uer €T - (I)VT 
+ Le 0S /92 CL IBN 6T 
^ I 05 /SE CL qed VI 
- e 0S /vZ Cu up cp (II)d 
Da CT 001/98 CL LEN IZ 
0 cz 001/Yv cL qed 9Z 
- 87 001/0S CI uen 62 i (II)Hd 
+ IO OT 79 ZL AON OF 
0 07 DIDA ZL AON OT 
++ 90 OT /6 ZL AON 20 
- SZ OT /9 Ci 220 Gil 
- nm OT /S CL 3809 d 
++ Z Ü 001/88 CL 2999 T (I)d 
- VI 001/86 cL 990 SI VO 
0 ç T 001/08 ZL 2390 ZI 
0 57 001/78 ZL AON TZ 
0 97 001/06 CL 399 0% (I) Hd 
++ A 001/06 Cl: 224 m 
- v 05% /8€ ZL AON 07 
0 8T 00T/06 Zi 220 21 ON 
[er3ueo3og 9134) SOOSTTIOJ3UT SSOd 9peao/uoy 9pe9at UEX'T jo 3j t*(T əpop a3sino) 
IJUPUILOJAD 3usamı jo Avg 


JO sutyuey 
I4 32ofang 


44 





+ + +O + ı 


> 


AO OIE 


TRT 109104 
IDUPUILOFADA 
jo Surxuey 


D 


OT 
8 0 
¿0 


0c 
TZ 


0c 
BZ 
6c 
6c 
te 
L0 
6c 
SL 
0% 
30 
20 


ƏT2Á9 329T1I93UI 
yusıına jo Aeq 


SSOg 9pet1o/y3y aptas 


panurz3u0o) 


00T/9S 
001/58 
00T/08 
001/08 
001/85 
0S /8t 
00T/06 
00T/T6 
001/78 
0S /2P 
0S /IZ 


"A oTgeL 


EL Iny 
ci dos 
Cy ¿my 
Ci UN 
g, unf 
CL Len 
CL ume 
SL Key 
c4 ady 
c, Bny 
EL 3ny 
cL deg 
cg, 3ny 
c, unf 
CEL Ady 
CL Un 
SL ABN 
c4 unr 
c, Key 
c, IdV 
ut xy FO 


LO 
ST 


ma 
TT 
£0 
ol 
las 
61 


LO 
90 
SI 
9I 
SL 
ux 
Bt 
2 0 
e 
e 
6I 


93160 


(II) NOOF 


DID ESOS 
dT 


ada: 


GERD 


Z# 3299fqnag 
(II) NODA 
SS 

(1) HOOLS 
d' 


4H 


(IIIJ)d 


opo) asino?” 


I4 359lqns 


un 





- : [i 00T/S9 cL, dos 81 


+ TT 001/08 c, any 91 (I)HƏOLS 
E 9I OS 79T e] 
- ST 00T/6S cL une ST dT 
+ S0 001/S8 cL ASN çO 
E TT 001/68 CENE TT JH 
+ ç Z 001/9€ cL KEW IC 
- ZT 001/SS cL Wu ul 
- vc 0S /YI c4 adv 61 (IIIJ)d 
+ c0 cL, Sny 80 SS 
- a c; um ZI 
0 TE CL ACW 67 
- 0ç 001/Sy Ci May GT (I) NODI 
+ ZO cL ny LO (IIJ)NOO8 
-- BR SL ABN 0Z GR 
+ v cL q94 ZI (I)VT 
0 97 OS /SZ SL IBN 61 
- 97 0S /07 cL Get VI 
+ S 0 0S /9Z SL UEC yc AA 
m 87 EL Lan Le 
++ S0 001702 cL qƏ4 YE 
- OT 001/SY cL uer 67 (II)Hd 
er 9T ZL AON OF 
0 Z0 ZL AON OT 
- i ZL AON ZO 
0 L0 ZL WO 61 
- 97 2 390 50 
- EZ @ 220001 (I) doud 
+ LO 001/84 a AGNI Ç 
0 90 001/854 di 3519902 (I)Hd 
- BZ 001/76 c SEN El 
+ 90 0S /9€ ZL AON OZ 
- 00 Up o c LESS MT ON 
I?I3u930g STOAD 229T197U] SS0g 9PRLID/YIY PLAY wexg JO 9320 apo) 3SINOJ) 
SDUBWIOJADA JUAN) JO ÁR( 
jo SUTXUEY cy 199[qnS 


Danur3uU09 A STOP 


46 





` EA OOT/TZ - cL, IeW 61 


+ I0 001/29 CL IBN 20 
- - 60 DOT 27 cL q94 SO Liiva 
- LZ c, 9ny LO (II)NOOH8 
0 8Z 001/58 SAMO SS 
- - 50 001/05 c4 dəS $I 
Ium co 001/08 c, 8ny OI ISO TS 
++ DI 0S /8v . IQ | dT 
+ 02 001/06 AT 
+ 0ç 001/98 | SL Len go 1H 
++ to 001/84 CU AZ] 
+ ST 0S /0t cL K€W TZ 
- 91 BIO AAT GL ady 61 (III)d 
++ vo EZ] 
- SZ c, AeN 62 
+ ZZ 00T/89 id sz (I)NOOH 
* 02 001/88 cy TON (II)Hd 
0 30 ZL AON OF 
0 L? ZL AON OT 
0 CL ZL AON ZO 
- ZK AO DNE ODD 
-- 81 Ode 20 AUTO DES 
- 6I 001/09 ZL S°9G TT (I)d 
- iz ZL 290 C L vo 
-+ 07 001/08 I DENTAL 
0 28 00T/S9 ZL AON TZ 
- 00 1004 Zi 390 (I)Hd 
- 6I 001/76 cL 5 
= 1 OS /v£ ZL AON OZ 
0 SZ DOT/ZL OA IN 
TETIJUSI0A STIAN LIS Ni] SSOd əpeIS/uovy OPEID UEX:T 30 31t8( Əpop 9 SUUM 
IDUBUIOFJIDA yusıın) Jo Aeg 
JO Zutyuey py 299Cans 


pənur3uoS "A oTgeL 


47 





“SATIDILGNS ST ++ PUB + UNIMISQ DITOYD aui ‘3Ssg 38 “TRUTPAO 918 

A3TUNUUIOD 5ruopeo? ouj ur pesn so[eos FUTYUBI Aueu S9UTS "++ P9XAUBA SEM au aui ‘08 SEM Wexe 

eui JO ourj ouj 3? oSe1oA? [[?IoAO s32o(qnus aui pue GL SRM OÍTIDAR SST) 9242 FI “uexs sn]n) 

- 10) OTABTIEATITNN è uo saurod O01 eTqtssod e zo no s}urod o6 peidoos [£s 32oefqns 3?u3j ‘oTdue 

-Xə 103 *9soddns ‘wexd der not31ed BU 1034 oSe1ioAe SST SUI SE ITƏM Se sdeılsAe TIBIƏAO UMO 
STU O} 9ATFZETO9I poyueI eduewlojaod [eoriounu s,329fqns suzy moy uodn paseq Sem ateos sul 


>SI9PON >TISEUD0I5 = HIOLS 
sITWOUOIN TEISTIEUSUJEN = NODI 
UOTJEINUTS SWOISAÄS = ec 
s10J5e,] UBUnH = IH 
SDUPUIOFADA TRITITAD = g SUTWWEIBOLg IBOUIT = d] 
o»ueuiojiod ogeioA?P MO[9Q TI9M = -- e1q98]Y IBSUIT = VI 
SDUBUIOJADA DEPADAL MOTDQ ATIUSIIS = - AYTTTqeqoig = d 
saueuloJısd DIPIDAL SAOGE [TOM = ++ STSATRUY suorz3eiado = vo 
SDUPUAIOJADA DÍIPADAR DAOQL ÁTIUBTIS = + SDISAUA = Hd 
s>ueuloJıad aseisae = Q SNINITEI) STIPTIEATIINN = IN 
AJA 
: 6T KL IEN 07 
t 90 00T/t8 X £L XEN LO 
= Q L EL STA 
+ Z0 001/58 cL USO: YVI 
Ier3ue30d ƏT2X9 329ƏT1TƏ3UI SSOg 9PRAID/UIY DPRAY wexg jio o3jeq apo) asinoy) 
o2utuogjioq yusıınya Jo Leq 
JO Zuryuey py 259Tan 


panut3uo) ‘A 9TABL 


48 





Avg Slightly Well Slightly Well 
Miele Per Above Above Below Below 
Day 0 Avg (+) Awsm(*t*) wap (-) BEN Critical Ø 


l l 1 Z 

E 1 3 

3 1 1 

4 2 

5 3 1 1 
6 2 1 

7 1 1 1 1 

8 3 É 

9 2 1 
10 i 1 

11 4 2 

12 4 2 

13 2 1 1 

14 1 1 

15 1 1 1 

16 Z 1 
{7 
18 1 1 1 1 
T9 2 
20 1 3 5 
Zt 1 5 

2 1 
23 2 1 2 
24 1 2 
25 2 1 
26 2 2 

27 1 3 1 
28 1 1 1 

29 Z 1 

50 1 1 2 1 
51 2 1 1 
32 1 2 

DS 


1. ed aa pian tisi wakthin thewstableau=mepresent the frequency 
ot occurrence. “hor example, there were four above average 
performances ow tha leh day of the cycle. 


2. The data can now be easily categorized for use in the 
various statistical models. 


le Viewselnteltectual Data Tableau. 
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ar bee lote iiicanee = 005. 


Observed Good Observed Poor 


Performance Performance 
Days Days 
Ist % Cycle za 4 
2nd % Cycle 15 9 
3rd % Cycle 8 14 
4th % Cycle 2 16 


E V 502887 
Table VII. Intellectual Data x? Contingency Test. 


Decision:  Reject H. in favor of Hi. Thismin- 
dicates the presence of a relationship between the different 
levels of performance and the bioruythmic days on which thoy 


occurred. 


belli. Coe ikKient or on penes 


E N ` = 2 5 ° T = 
C Vy + N \ 25-7 NOE l: 


This represents the strength of the relation- 








Ship. lt is important to realize that C = .48 indicates 
Mine relationships strong Notice that even if the 
relationship were perfect, it would be impossible for C = 1, 
since V/V + N will always be less than 1. 
Pe eee tuto Ot Average Performance Days 
Jg es tao Uns Oo rm Cy, 
x^ Goodness-of-Fit Test 
H : Miedos tomb cion ot average performance days 


is uniformly distributed over the intellectual biorhythm. 





H}: The distribution of average performance 


days is not uniformly distributed over the intellectual 
biorhythn. 


a x Level of Significance = .01. 


Interval (days) Frequency P; nP. 






] 8 5 8/ 33 6.06 
8< t < 16 4 8/33 6.06 
1 270 8 10/33 TST 
ES 8 7/33 5.30 






See 


xs(.99) = Dn: ON 
Table VIII. Intellectual Data (Average Performance Days): 
x? Goodness-of-Fit Test for Uniformity. 
Decision: Do not reject E 
Kolmogorov-Smirnov Test 


Utilizing the same H > Hj, and a as above: 





Interval Ic to nS S Loo lo < t k 209700 LES 
Frequency 5 4 8 8 

FS (X) 8/33 16/33 210083 33/33 
Sag (x) 57.25 9725 107.725 25725 
ri - Sc .0424 . 1248 .1079 00.00 





Ma tical D = 32 Galeutated @ = .1248, 


Table IX. Intellectual Data (Average Performance Days): 
Kolmogorov-Smirnov Test for Uniformity. 


Decision: Do not reject Ho. 
cole ds tronos Uniformly distributed, 


there is no need to further investigate distributional form. 
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The above d us confirms the assumption that average per- 
formance days can occur anywhere within the cycle with equal 
probability (uniformity). 
3. Distribution of Above Average Performance Days 
For stronger test results, the slightly above aver- 
age (*) and well above average (**) performance days were 
combined for analysis under the heading of above average 
performance days. 
a. Test for Uniformity 
x? Goodness-of-Fit Test 
H : The distribution of above average perform- 
ance days is uniformly distributed over the intellectual 
biorhythm. 
H}: Ibe distribution of above 1 non 
bi cc days is not uniformly distributed over the intellectual 
biorhythn. 


a : Level of Significance = ,01. 


Interval (days) Frequency I ne: 


< 
< 
< 
< 
< 
< 





TEE V - 21.88. 


>< 
Un tm 
— 
LO 
LO 
— 
Il 


Table X. Intellectual Data (Above Average Performance Days): 
X^ Goodness-of-Fit Test for Uniformity. 


Decision: Reject H. in favor of Hi: 


5 2 


Kolmogorov-Smirnov Test 


Utilizing the same Ho» H), and a as discussed 


previously: 
Interval Ss er JO G 1><USZO 20 775 235 
Frequency 15 10 J: 4 4 2 
F6 x) 5/33 107355 137933 20755 25753 55733 
S46 X) 13/46 23/46 36/46 10/46. 44/46 46/46 
|F - S| -1311 l , 52861 SAA AN 





Critical D = .2403 Calculated D = .3504 


‚Table XI. Intellectual Data (Above Average Performance Days): 
Kolmogorov-Smirnov Test for Uniformity. 


Deeıs li onssere je et H. aa AGE o£ H}. 
Both of the above tests tested for uniformity. 
Lack of uniformity suggests the presence of a cyclic phenomena. 
b. Test for Distributional Form 
x? Goodness-of-Fit Test 


Ho: Thesdistuibutional orn of above average per- 


formance days is N(8.5,5). 


H}: H. is false. 
da o io Significance = .01. 
Interval (days) Frequency P. nP, 
-o <t< 3 7 1557 6.24 
DE D 7 24 .6226 28.64 
(ARRE, 15 E2087 115 12 


Table XII. Intellectual Data (Overall Above Average Perform- 
ance Days): x” Goodness-of-Fit Test for Distri- 
bussonal Form. 
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x5(.99) = 9,21 De 2.19 


Bessone bono t reject H : 
4. Distribution of Below Average Performance Days 
nom Stronger test results the slightly below aver- 
age (-) and well below average (--) performance days were 
combined for analysis under the heading of below average 
performance days. 
Ie cor Un] tormıty 
x^ Goodness-of-Fit Test 
Ho: The distribution of below average perform- 
ance days is uniformly distributed over the intellectual 
biorhythm. 
H}: Denas erbut on ot below average perform- 
ance days is not uniformly distributed over the intellectual 
biorhythm. 


Greve iso Significance = . 10. 


Interval (days) Frequency P. nP. 


E 
8733 


11/35 


33 SS 





X3(.90) = 6.25 V= 7.42 
Table XIII. Intellectual Data (Below Average Performance Days): 
x^ Goodness-of-Fit Test for Uniformity. 


JI j iOp: Reject ar in favor of H,. 
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Kolmogorov-Smirnov Test 


Utilizing the same Ho? Hj, and a as previously 


discussed 
Interval 8 < t E: 16 ]6 < t < LTE) | ET < 53 
Frequency 9 Zl 9 
FG X) 16/33 27/33 55/33 
"Sas CX) s 13/43 34/43 43/43 
F Sas ¿1825 20275 00.00 





Coca ca Dos 1755eC€adbculatedoeDiss-—1825. 


Table XIV. Intellectual Data (Below Average Performance Days): 
Kolmogorov-Smirnov Test for Uniformity. 


c jojo cei Ho’ 
pest for Distributional Form 
ines So EE Test 
Ho The distributional form of below average 


performance days is ß(4,2) 


Hy:H is false. 

O 

a : Level of Significance - .01. 
Interval (days) Frequency P: nP. 





X, (99) = 9201 EE E. 


Table XV. Intellectual Data (Overall Below Average Perform- 
Io GooJdness=ot-Fit Test for Distri- 
butional Form. 

Decrsion: Do not reject Ho: 
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B. ANALYSIS OF ACCIDENT DATA 
Sıxty-six aceident claims from the Canadian Forest Prod- 
ucts Ltd. (Howe Sound Pulp Division) were analyzed primarily 
with respect to their physical biorhythms. Those accidents 
analyzed were single victim accidents in which the accident 
was not believed to be caused or influenced by a second 
party. Table XVI summarizes the data base. 
The data was next arranged in the Physical Biorhythm 
Data Base tableau which is shown as Table XVII. 
ie ests 20r ie Presence ort a Physical Biorhythm 
a. First Analysis 
Since accidents are considered in the below 
average performance category, the x? Contingency Test and 
x* Coefficient of Contingency are inappropriate. Conse- 
quently, the analysis begins with a test for uniformity. 
x^ Goodness-of-Fit Test 
H : Ines Curi e fol acordents is uniformly 
distributed over the physical biorhythm. 
Hy: Diecwoccurrence on eaeecraents is not uniformly 


distributed over the physical biorhythm. 


Dm encino Sent elcancer= .l. 


Interval (days) Frequency P. nP, 





S 
s 
S 
E 
< 


x4 (. 90) 2 MEE 63 


EU Accident Data (1st Analysis): x^ Goodness-of- 


Fiterest for Uniformity. 


SIG 





Subject Day oí Current Day of Current Day or Current 


i Phys Biorhythm Emot Biorhythm Int Biorhythm 
1 29 217 24 
2 19 19 26 
3 13 x 23 
4 Ti 02 18 
5 03 02 09 
6 10 Do 14 
7 21 D 19 
8 00 20 17 
9 19 11 19 
10 08 25 19 
11 19 11 04 
119 2 13 18 
13 20 05 25 
14 13 02 21 
15 07 11 20 
16 02 02 10 
17 04 24 24 
18 14 23 za 
19 16 24 16 
20 22 01 07 
21 16 15 04 
22 10 17 07 
2 REI 18 09 
24 05 13 Du 
25 05 09 05 
26 00 20 d 
2 14 02 05 
28 16 Da 25 
29 21 pu 19 
30 18 10 24 
31 19 09 08 
SZ 10 20 05 
53 20 a 30 
34 03 04 14 
35 22 10 07 
36 12 25 06 
D 00 01 01 
38 13 04 21 
39 72 20 51 
40 12 00 27 
41 17 02 Sil 
42 14 02 11 
43 2 Í: 10 26 
44 07 09 08 
45 11 19 26 


Ni ccrdent Data Base. 





Table XVI. continued 


SUD ect pavor Current Day of Current Day Of Current 
Phys Biorhythm Emot Biorhythm Int Biorhythm 
46 20 11 01 
47 14 T 24 
48 02 03 24 
49 Pu 09 157 
50 19 11 32 
S 01 j 16 
SE 15 10 28 
55 17 09 04 
54 | 23 04 
55 00 18 24 
56 : Jp ILS 16 
57 j. 01 07 
58 15 11 17 
59 17 26 06 
60 09 14 15 
61 07 15 12 
62 14 25 15 
63 01 16 07 
64 01 09 04 
65 13 18 31 


66 14 04 20 
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Cycle Day Ace pene eney 


1 3 
2 Z 
5 2 
4 1 
5 2 
6 

7 3 
8 1 
9 1 
10 5 
11 4 
12 2 
t5 5 
14 6 
15 3 
16 D 
107 3 
18 1 
19 5 
20 3 
21 6 
22 5 
00 4 


Ji (ie rc y refers to checmboscdl number  ofoseccrdemts which 
ASCO che respective Diorhyihm day. For example, of 
Acaso ects, tireetexperrenced accidents on the first 
To r rielr pnysicalfbiornythmiñiwo experienced their de- 
w nS ronte Second day creme data can mew be eCasily 
categorized for use in the various statistical models. 


Table XVII. Physical Biorhythm Data Base. 


E 





Decision: Reject H. in favor of H4. 
Kolmogorov-Smirnov Test 
Utilizing the same IE Hi» and a as previously 


discussed 


Interval (days) | 1<t<5 5<t<10 10<t<15 15<t<20 20<t<23 





Frequency 10 8 20 15 13 

F. (x) 5/23 10/23 15/23 20/23 25725 
S66 09) 10/66 18/66 38/66 53/66 66/66 
Fo 966 .0655 21020 .0764 20005 00.00 


—— AA n nr G 


Critical D = .1502 Calculated D = .1620. 


Table XIX. Accident Data (lst Analysis): Kolmogorov-Smirnov 
les or Uniformity. 


Jo i lj oj RE ect H. in favor of H}. 

Rejection of the uniformity hypothesis by both 
statistical tests suggests the presence of a cyclic phenomena. 

b. Second Analysis 

The Theory of Biorhythms has a built in variance 
of +12 hours (24 hours) due to the uncertainty of the exact 
four of birth. Consequently, it is possible that the original 
calculations may be as much as 24 hours away from where they 
appear in the original data tableau. This analysis investi- 
gates the statistical significance in shifting the data 24 
hours (optimally). 

x? Goodness-of-Fit Test 

H_: The occurrence of accidents is uniformly 


O 
distributed over the physical biorhythn. 
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Cycle Day Accident Frequency 


il 1 
2 1 
3 E 
4 1 
5 1 
6 1 
7 2 
8 2 
9 1 
10 1 
sii E ee > 
12 6 
1 3 5 
14 6 
15 3 
16 3 
15% 3 
18 il 
j 5 
20 3 
Zul: 6 
22 3 
23 7 


Table XX. Optimal Data Tableau. 


Hi: Theo cay ce otaa Oo dents is not uniformly 


distributed over the physical biorhythm. 


G sI C also Significance = .005. 
Interval (days) Frequency P. nP, 
] € t * 55 6 5/23 14,35 
SS te el) 7 523 14.35 
10 < t < 15 22 5/20 14.35 
J5 < t < 20 15 5/23 14735 
eo 16 2 25 8.60 
x4 (. 995) = jie UL 15 A 


Table XXI. Accident Data (2nd Analysis): x? Goodness-of- 
Pre eS or Urytormity. 
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Neer 1 One Reject H in favor of Hi. 


Kolmogorov-Smirnov Test 


Utilizing the same Ho: H and a as previously 


T. 


discussed 


Interval |1<t<5 5<t<10 10<t<15 15<t<20 20<t<23 





Eresuency 6 i 22 15 16 

F (x) hr 2 5" 210,42;5 15725 20723 2505 
Seg (Qu) 6/66 13/66 35/66 50/66 66/66 
ES S S66 ‚1265 2528578 ‚1219 . 1120 00.00 


Critical D = .2006 Calculated D = „2378 
able XXIT. Accident Data (2nd Analysis); - Sogo Smirnov 

Test for Uniformity. 

Decisron: Reject Ho 

The above analysis shows that shifting the oc 
n sc thin the cycle by 24 hours yields more significant 
male However, knowledge of the subject's exact hour of 
Ih mJtes the need for shifting the data 24 hours and 
ii more reliable results. 

C. Third Analysis 

This analysis dichotomizes the data into loss- 
un rdents and non-Tess-time accidents. A loss-time 
as an accident which results in the employee re- 
Mamani out of work for at least one day. The following 


K contains data from loss-time-accident subjects. 


02 


Subject Day of Current Day of Current bayko Current 


# 


01 
PT 
18 
20 
21 
25 
39 
41 
53 
58 
66 


Phys Biorhythm Emot Biorhythm Int Biorhythm 


“20 DIC 24 
19 11 04 
14 DIS Zu 

ON 00 07 
16 "IBS 04 

“11 18 09 

Sl 20 S 
17 407 = Sil 
17 09 04 
15 11 * ^E) 
14 04 20 


*It is possible, assuming +12 hours variance, 
that these days could have been critical days. 


Table XXIII. Loss-Time Accidents. 


X Contineeney lect 


H : Loss-tıme accidents and non-Joss-time acci- 


dents independent of where they occur within the physical 


biorhythm. 


H): Loss-time accıdents and non-loss-time ac- 


cidents are dependent of where they occur within the physical 


biorhythn. 
a: Level OE ST alcance = 205. 
Loss-Time Non-Loss-Time 
Accidents Accidents 
SiG ele 21 
2nd % Cycle 33 


x2(.95) = 3.84 Vo = 418. 


Table XXIV. 2x^ Contingency Test. 


Decision: Reject Ho in favor of H,. 


fi 





Thais result illustratés more severe accidents 
ape dependent upon the sequential day of the subjects' 
biorhythm. 


x* Coefficient of Contingency 





_ . 244. 


This represents the degree of association or the 
strength of the relationship previously measured by the x? 
Wontumeecney test. The Coefficient of Contingency is just 
another way of examining the strength of the rejection in 
Be x° Contingency Test. Had the x? Contingency's null 
hypothesis (that of independence) has been rejected, there 
would have been no reason to calculate a Contingency Coeffi- 
cient since the x^ deviation statistic would have been so 
small that the resulting Coefficient would have been insig- 
Dıaıcant. This can be illustrated by examining the formula. 
IM order not to reject the null hypothesis, the deviation 
statistic would have to be less than 3.84. Assume that this 
statistic was 1.5. With the same sample size of 66, the 
Cor cent of Contingency 15 equal to .149 which is insig- 
iu n ot any alpha level. A close examination of the 
parameters V and N illustrates that one must be careful when 
ing desco T I ol nD Apio of the Contingency 


Rent aseainst sample size, holding the deviation constant 
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will show that as the sample size becomes large, the coeffi- 
elent becomes asymptotic to zero Consequently, it is more 
sensitive to smaller sample sizes, as is the case with this 
biorhythm data. 
P CiiíicCcalyty 
Lack of data eliminates an indepth analysis of 
eriticality, however, it is interesting to observe the 


occurrence of criticalities among loss-time accident victims. 


Let 
X =c riticalnties 
P(PCD) = .1739 
P(ECD) = .1428 
P(ICD) = 1212. 
Biorhythm E (X) V(X) Critical Observations 


Physical 


Emotional 


Intellectual 





Table XXV. Accident Data Criticality Tableau. 

The following probabilities were calculated using 
the binomial model. 

Bet 

X = $ criticalities observed within a physical 
Diori tnm out of 11 possible observations. 
PREDIOS cd. 

Table XXVI illustrates that the expected (mean) 

number of observed criticalities (1.91) occurs with highest 


probability while four or more criticalities can be considered 
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E ENE Figure 5 altustrates that 90% of the proba- 
bility of occurrence of critical observations is contained 


within 1.5 standard deviations of the mean. 


n P (X=n) 

0  .123300000 
1 .283109200 
2. .297651200 
5  .187889600 
4  .077992200 
5  .023344900 
6 .004905300 
7 | .000722300 
8 | .000074400 
9 .000003700 
10 .000000158 


11 .000000005 


Table XXVI. Criticality Prob Tableau. 
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Probability---P(X=n) 


2550 
.26 
228 
.24 
ee 


-20 


. 16 
. 14 
TUM 
e 
.08 
.06 
.04 
.02 





u-1.50 !y u*1.50 
Ch Mame EE S 


Baum 5. Observed Accident Data Density Function. 
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VT DES CUSS TON 


Results based on statistical models are heavily dependent 
on the researcher's interpretation of the theory. One who 
considers criticality as the backbone of the theory will 
stress different aspects of biorhythmic analysis than will 
a researcher who believes criticality plays a Niner rove in 
biorhythmic prediction. Consequently, the choice and de- 
velopment of the combined statistical model illustrates that 
every aspect of a biorhythm should be analyzed prior to draw- 
ing conclusions. Use of the models in a thorough and rigid 
analysis would allow one to draw objective conclusions based 
on fact instead of formulating broad generalizations based 
on subjective interpretations of the theory. 

Tac analysis Of intellectual and accident data are not 
meant to validate the theory. The analyses both illustrate 
the use of the statistical models as well as support this 
paper's interpretation of biorhythms. The analysis of in- 
tellectual data rigidly adhered to the combined statistical 
model for testing the presence of a biorhythm. At the .005 
level of significance the Chi-Square Contingency Test es- 
tablished that a relationship existed between the different 
levels of performance and the days on which they occurred. 
Supporting this result was an impressive .48 coefficient of 
contingency. As was expected the application of both the 
Chi-Square Goodness-of-Fit Test and the kolmogorov-Smirnov 


Test (KS) to average performance data showed that days on 
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which the subject was not intellectually challenged (average 
performance days) were uniformly distributed over the entire 
Ence Tas result 15 coincidental with biorhythm theory. 
Pocitos measure vartation in performance potential. On 
average days variation is zero and thus unpredictable and 
completely random as in the case of the uniform distribution. 
However, repeated application of the Chi-Square and KS Tests 
to the above and below average performance days illustrated 
non-uniformity which, according to the model implies a 
cyclic phenomena. "m of the distribution of 
both the above and below average performance days was pos- 
sible. Identifying the distribution is instrumental in that 
it allows one to determine expected frequencies and their 
prs tuoens. Although application of both statistical tests 
was not necessary, the use of the additional test serves as 
a check and lends supporting evidence to the original analy- 
Sis. For small samples the KS Test is more powerful since 
the Chi-Square Test is forced to combine categories when 
expected value criteria are not met. It is realized that 
the limited sample size presents difficulties when attempt- 
ing to dichotomize in attempts to gain as much information 
as possible from the data. However the significance of the 
results iS impressive regardless of the sample size. The 
presence of only one critical event prevented a criticality 
analysis. 

There are many problems encountcred when attempting to 


äAnalvze data such as academic grades. It has been the 
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author's experience that exams on the graduate level are 
designed to challenge the student. Most conscicnious Ber. 
PT TTT D TGT TIE thus reducing the exams" chal- 
Wenge. This makes it difficult to collect and analyze clean 
data. If the intellectual biorhythm actually measures 
memory potential then a knowledge of potential on exam days 
may be a determinant in how much preparation is, required 

for the exam. 

In general, analyses of accident data is not considered 
appropriate in analyzing biorhythms since accident data 
isolates tne analysis to the low perrormance potential area 
of the biorhythm. This single class of data prevents the 
pu Ulementlire Statisterveal model, For example, enceecn 
Square Contingency Test and the Coefficient of Contingency 
are not applicable as suggested. However application of 
both the Chi-Square Goodness-of-Fit Test and the KS Test 
established the existence of a non-uniform distribution of 
below average performance days. One may wonder what is the 
eeo considering a natural built in variance due to 
the uncertainty of the exact hour of birth and possibly the 
exact time of the observed event. Between critical days 
(above and below average performance) the variance has a 
negligible effect on whether the biorhythm is present.  How- 
ever mas a profound affect on thé “criticality in that the 
assumption of variance increases the chance probability of 
mime vent occurring on a critical day. Further dTchotomizing 


times loss and non-=-time-loss accidents allowed the assessment 
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of the severity of the accidents. The refinement in classi- 
fication resulted in applying the Chi-Square Contingency 
Test and the Coefficient of Contingency. This showed that 
time-loss accidents (more severe) were dependent upon the 
biorhythmic day on which they occurred. It is also sug- 
gested that the occurrence of critical events is signifi- 
cant. For a sample size of 11 the expected number of events 
eeuneg on a critical day ys 1.91] with a variance of 1.58 
and a standard deviation of 1.25. The fact that four criti- 
cal observations, lie outside 1.5 standard deviations of 
the mean suggests the presence of the criticality phenomena. 
Although it was possible to calculate the exact probability 
ot this event, it 1s felt that further attempts at accuracy 


will not be meaningful. 


Pieomely scritacal days, M double critical day; 
7 non-critical phy days) = 


11 
N 


(uS Jene). =..02. 

As illustrated, this can be considered a rare event. On the 
En ee is expected that 1.91" events would occur on criti- 
cal days. It is also expected that, under a null hypothesis 
of pure chance, the expected number is not rigid and has a 
co ss tanda standard deviation of 1.25. This 
Means that if the occurrence of critical cvents was pure 
chance one could expect as few as zero observed critical 


events or as many as 3.82. The fact that four critical 


events were observed suggests that criticality does not 
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occur in a pure chance fashion since more critical events 
Preerred tian were "x pecteam comoequently it is felt that 
wer it.calıty phenomena is present. 

Although both analyses do not comprise a validation, 
each analysis completely supports the theory in a very 


SeronNpssense. 
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“el. (CONCTUSTON 


Although biorhythmic phenomena is considered esoteric 
dsattrahuted to the occult sciences, the possibility that 
such isochronic phenomena exists should not be dismissed. 
As suggested there are scientific methodological ways of 
investigating the theory. The method presented here is not 
considered the only method. Preliminary investigations 
' suggest the validity of the theory, however, only a scien- 
tifically based validation will be accepted by a scientific 


community. 
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